Background Psychostimulants are considered first-line pharmacotherapy for youth with attention-deficit/hyperactivity disorder (ADHD), but questions remain regarding the comparative efficacy of amphetamine-and methylphenidate-based agents. Objective Our objective was to describe two acute randomized, double-blind, placebo-controlled, head-to-head studies of lisdexamfetamine dimesylate (LDX) and osmotic-release oral system methylphenidate (OROS-MPH) in adolescents with ADHD.
Methods Adolescents (13-17 years) diagnosed with ADHD according to Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR) criteria were enrolled in an 8-week flexible-dose study [LDX 30-70 mg/day (n = 186 randomized); OROS-MPH 18-72 mg/day (n = 185 randomized); placebo (n = 93 randomized)] or a 6-week forced-dose study [LDX 70 mg/day (n = 219 randomized); OROS-MPH 72 mg/day (n = 220 randomized); placebo (n = 110 randomized)]. Attention-Deficit/Hyperactivity Disorder Rating Scale IV (ADHD-RS-IV) total score changes from baseline (primary endpoint) at week 8 (flexible-dose study) or week 6 (forced-dose study) were assessed with mixedeffects models for repeated measures. Secondary endpoints included improvement on the dichotomized Clinical Global Impressions-Improvement scale (CGI-I; key secondary endpoint) and changes from baseline on the ADHD-RS-IV subscales. Safety assessments included treatment-emergent adverse events (TEAEs) and vital signs. Results Least squares (LS) mean ± standard error of the mean (SEM) ADHD-RS-IV total score changes from baseline to end of treatment were -17.0 ± 1.03 with placebo, -25.4 ± 0.74 with LDX, and -22.1 ± 0.73 with OROS-MPH in the forced-dose study and -13.4 ± 1.19 with placebo, -25.6 ± 0.82 with LDX, and -23.5 ± 0.80 with OROS-MPH in the flexible-dose study. LS mean ± SEM treatment difference for the change from baseline significantly favored LDX over OROS-MPH in the forced-dose [-3.4 ± 1.04, p = 0.0013, effect size (ES) -0.33] but not the flexible-dose (-2.1 ± 1.15, p = 0.0717, ES -0.20) study. The percentage of improved participants on the dichotomized CGI-I at end of treatment was significantly greater with LDX than with OROS-MPH in the forced-dose study (81.4 vs. 71.3%, p = 0.0188) but not the flexible-dose study (LDX 83.1%, OROS-MPH 81.0%, p = 0.6165). The LS mean ± SEM treatment differences for change from baseline on the ADHD-RS-IV hyperactivity/impulsivity and inattentiveness subscales nominally favored LDX in the forced-dose study (hyperactivity/impulsivity subscale -1.3 ± 0.49, nominal p = 0.0081, ES -0.27; inattentiveness subscale -2.0 ± 0.63, nominal p = 0.0013, ES -0.33), but there were no significant differences between active treatments in the flexible-dose study. In both studies, LDX and OROS-MPH were superior to placebo for all efficacy-related endpoints (all nominal p \ 0.0001; ES range -0.43 to -1.16). The overall frequency of TEAEs for LDX and OROS-MPH, respectively, were 66.5 and 58.9% in the forced-dose study and 83.2 and 82.1% in the flexible-dose study. TEAEs occurring in C 5% of participants that were also reported at two or more times the rate of placebo were decreased appetite, decreased weight, insomnia, initial insomnia, dry mouth, and nasopharyngitis (LDX and OROS-MPH), irritability and dizziness (LDX only), and increased heart rate (OROS-MPH only) in the forced-dose study and decreased appetite, decreased weight, insomnia, and dizziness (LDX and OROS-MPH) and dry mouth and upper abdominal pain (LDX only) in the flexible-dose study. Mean ± standard deviation (SD) increases from baseline in vital signs (systolic and diastolic blood pressure, pulse) were observed in the forced-dose study [LDX 1.6 ± 9.65 and 3.3 ± 8.11 mmHg, 6.7 ± 12.78 beats per minute (bpm); OROS-MPH 2.6 ± 10.15 and 3.3 ± 9.13 mmHg, 7.6 ± 12.47 bpm] and the flexibledose study (LDX 2.4 ± 9.46 and 2.8 ± 8.41 mmHg, 4.7 ± 11.82 bpm;
OROS-MPH 0.4 ± 9.90 and 2.2 ± 8.64 mmHg, 6.0 ± 10.52 bpm) at the last on-treatment assessment. Conclusions LDX was superior to OROS-MPH in adolescents with ADHD in the forced-dose but not the flexibledose study. Safety and tolerability for both medications was consistent with previous studies. These findings underscore the robust acute efficacy of both psychostimulant classes in treating adolescents with ADHD. ClinicalTrials.gov registry numbers NCT01552915 and NCT01552902.
Key Points
Lisdexamfetamine dimesylate (LDX) was superior to osmotic-release oral system methylphenidate (OROS-MPH) for improving attention-deficit/ hyperactivity disorder (ADHD) symptoms in a forced-dose study but not in a flexible-dose study.
Both LDX and OROS-MPH are highly efficacious in treating adolescents with ADHD and are generally well tolerated, demonstrating that either stimulant class can be used with confidence. This may be important in cases of inadequate response or poor tolerability to one of the stimulant classes (as has previously been reported), although the sequencing of treatment was not assessed in these studies.
The overall safety and tolerability profiles of LDX and OROS-MPH were consistent with previous reports.
LDX may have a somewhat higher effect size than OROS-MPH at US FDA-approved doses, though with perhaps slightly numerically higher rates of adverse events.
Introduction
Although psychostimulants are considered first-line pharmacotherapy for youth with attention-deficit/hyperactivity disorder (ADHD) [1, 2] , questions regarding the comparative efficacy of the newer, long-acting amphetaminebased versus methylphenidate-based agents [including lisdexamfetamine and osmotic-release oral system methylphenidate (OROS-MPH)] have not been fully resolved. Generally, amphetamine and methylphenidate are considered to have similar efficacy when dosed comparably, although individual differences in response and/or tolerability may be observed [3, 4] . Consistent with the above, US practice guidelines recommend that either amphetamine or methylphenidate be used as first-line therapy in children and adolescents and suggest switching to the other stimulant class or a nonstimulant if response or tolerability are suboptimal. The American Academy of Child and Adolescent Psychiatry (AACAP) and the UK National Institute for Health and Care Excellence (NICE) guidelines also note that nonstimulants (e.g., atomoxetine, immediaterelease and extended-release guanfacine) may be used as first-line pharmacotherapy, but AACAP guidelines indicate that stimulants have a superior effect size (ES) [1, 5] .
Multiple analyses have examined the comparative efficacy of amphetamine and methylphenidate [6] [7] [8] [9] [10] . A metaanalysis [6] that included studies of C 2 weeks in duration found that amphetamine and methylphenidate were superior to placebo in children and adolescents with ADHD, with amphetamine having somewhat larger ESs. Another meta-analysis that included studies with durations of 2-12 weeks and examined the comparative efficacy of atomoxetine, bupropion, lisdexamfetamine (but not all amphetamine products), and methylphenidate (multiple formulations) in children and adolescents indicated that lisdexamfetamine and methylphenidate-based agents were superior to placebo and suggested that the ES was larger for lisdexamfetamine than for methylphenidate [7] . Although a combined systematic review and meta-analysis of studies ranging from 2 to 12 weeks in duration reported that a higher proportion of participants responded to lisdexamfetamine than methylphenidate-based agents [10] , a network meta-analysis that included 190 trials ranging from 3 to 96 weeks in duration did not find evidence of statistically significant differences between amphetaminebased and methylphenidate-based stimulants [9] .
There have been several head-to-head comparisons of amphetamine-based and methylphenidate-based agents, but the individual study populations were small (range 18-72 participants) and not all formulations were examined in any given study [3, 4, 11] . Results indicated that amphetamine and methylphenidate were superior to placebo in children and adolescents with ADHD; in some studies [11] , but not all [3] , amphetamine was modestly superior to methylphenidate. A post hoc analysis from a 7-week, doubleblind, flexible-dose study in children and adolescents with ADHD reported that lisdexamfetamine was statistically superior to OROS-MPH on the ADHD Rating Scale IV (ADHD-RS-IV) total score and the Clinical Global Impressions-Improvement (CGI-I) scale [12] . However, following European regulatory guidelines, the maximum approved OROS-MPH dose used in that study was 54 mg/day. In the USA, the maximum approved OROS-MPH dose in adolescents is 72 mg/day, and whether a higher OROS-MPH dose might have yielded different results is unknown.
While the findings described above provide insight into the comparative efficacy of the two stimulant classes, they are limited by several factors. Meta-analyses are indirect by nature (i.e., the medications are each compared with placebo but not each other) and have not included all available formulations. Individual studies that can be used to assess potential differences between stimulant classes have used small sample sizes [3, 4, 11] , medication doses that are below the maximum approved dose [12] , and post hoc analyses to make inferences regarding comparative efficacy [12] . Consequently, well-powered head-to-head comparator trials of amphetamine and methylphenidate are a high priority.
This report describes two phase IV head-to-head studies (one flexible-dose study and one forced-dose study) of lisdexamfetamine and OROS-MPH in adolescents with ADHD using US FDA-approved dosing recommendations. The objectives were to evaluate the efficacy of lisdexamfetamine versus OROS-MPH, measured using the ADHD-RS-IV and CGI-I, and to evaluate the safety and tolerability of both medications. Following FDA guidelines, the maximum doses used were lisdexamfetamine 70 mg/day and OROS-MPH 72 mg/day. Based on previous publications [7, 10] , it was hypothesized that the efficacy of lisdexamfetamine would be statistically superior to OROS-MPH. The current studies were not powered to assess differences in safety and tolerability between lisdexamfetamine and OROS-MPH; as such, there was no prespecified hypothesis regarding safety and tolerability.
Methods

Study Design and Treatment Regimens
Two randomized, double-blind, multicenter, parallel-group studies (one flexible-dose, one forced-dose) with placebo reference arms were conducted. At the start of double-blind treatment, participants were randomized (2:2:1) using an interactive web-response system (IWRS) to once-daily lisdexamfetamine, OROS-MPH, or placebo, respectively. To maintain blinding, treatments were identical in appearance; participants were also instructed to take one capsule from two separate bottles. Participants randomized to lisdexamfetamine started treatment at 30 mg/day; those randomized to OROS-MPH started treatment at 18 mg/day. Dosages could be raised or lowered by single dose levels at each weekly visit until week 5, when the optimal dose based on tolerability and clinical response (an ADHD-RS-IV total score reduction of C30% and CGI-I score of 1 or 2, with tolerable side effects) was established. After week 5, the dose could not be changed. This maintenance dose was continued for 3 weeks (weeks [6] [7] [8] . Participants unable to tolerate active treatment after week 5 were discontinued. A follow-up telephone call was made 7 (?2) days after the last dose to assess adverse events (AEs) or serious AEs (SAEs), and concomitant medications. Follow-up continued until safety concerns were resolved or the participant returned to their baseline state.
Forced-Dose Study
The forced-dose study (ClinicalTrials.gov: NCT01552902; Fig S1B, in the ESM) was conducted at 77 clinical sites in the USA, Canada, and Europe between April 2012 and May 2014; it consisted of a screening and washout phase (up to 4 weeks), a 6-week double-blind treatment phase (forced titration, 4 weeks; dose maintenance, 2 weeks), and a 1-week follow-up period.
At the start of double-blind treatment, participants were randomized (2:2:1) using an IWRS to once-daily treatment with lisdexamfetamine 70 mg/day, OROS-MPH 72 mg/day, or placebo, respectively. To maintain blinding, treatments were over-encapsulated and identical in appearance; participants were also instructed to take one capsule from two separate bottles. The initial lisdexamfetamine dose (30 mg/day) was increased weekly in 10-mg increments up to 50 mg/day (week 1, 30 mg/day; week 2, 40 mg/day; week 3, 50 mg/day) and then in a 20-mg increment (week 4) to a maximum of 70 mg/day. The initial OROS-MPH dose (18 mg/day) was increased weekly in 18-mg increments to a maximum of 72 mg/day during weeks 2 through 4. For the remaining 2 weeks of treatment, doses were maintained at lisdexamfetamine 70 mg/day and OROS-MPH 72 mg/day. Participants could discontinue at any time because of unacceptable tolerability, but dose reductions were not allowed. Follow-up safety assessments occurred via telephone 7 (?2) days after the last dose of study drug and continued until safety concerns resolved or returned to their baseline state.
Study Population
Both studies enrolled adolescent males and nonpregnant, nonlactating females (13-17 years). Eligible participants were required to weigh [ 79.5 lb, have a Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR) primary ADHD diagnosis, a baseline ADHD-RS-IV total score C 28, and screening and baseline blood pressure values that did not exceed the 90th percentile for age, sex, and height based on US Centers for Disease Control and Prevention (CDC) guidelines. If currently being treated, participants were required to not be completely satisfied with their current ADHD therapy, as judged by the investigator at the baseline assessment; this criterion reflects the ethical requirement to not discontinue treatment in individuals exhibiting a satisfactory response to their current therapy. The participant and the participant's parent/legally authorized representative were required to provide informed assent and consent and to be willing and able to comply with study requirements.
Participants were excluded if they had a current controlled or uncontrolled comorbid Axis I or II psychiatric diagnosis (except oppositional defiant disorder, which was allowed), with significant symptoms requiring treatment or contraindicating lisdexamfetamine or OROS-MPH treatment. Comorbid psychiatric diagnoses were established using the Kiddie Schedule for Affective Disorders and Schizophrenia for School-Age Children-Present and Lifetime Version-Diagnostic Interview [13] . Participants were excluded if they were considered a suicide risk by the investigator, had previously made a suicide attempt, or were currently demonstrating active suicidal ideation. Additional exclusion criteria were underweight (less than the third percentile) or overweight ([ 97th percentile) based on CDC body mass index (BMI) standards for age and sex; a medical or psychiatric condition that could confound safety assessments or increase participant risk; personal or family cardiovascular history or a clinically significant electrocardiogram (ECG) finding; history of suspected substance abuse or dependence (excluding nicotine) or a lifetime history of amphetamine, cocaine, or stimulant abuse and/or dependence; concomitant use of medications with central nervous system effects that could potentially affect study performance; documented allergy or hypersensitivity to amphetamine or methylphenidate; prior failed response to methylphenidate or amphetamine therapy (because it is not ethical to include individuals who do not have a reasonable expectation of deriving benefit from treatment); participation in another clinical study within 30 days before screening.
Efficacy Endpoints
Efficacy was assessed using the ADHD-RS-IV [14] and CGI-I [15] . The ADHD-RS-IV was administered to the parent (while the participant was present) at baseline and at all study visits by a clinician experienced in evaluating adolescent ADHD. The primary efficacy measure was the change in ADHD-RS-IV total score from baseline to end of study (EOS; week 8 in the flexible-dose study, week 6 in the forced-dose study).
ADHD severity was assessed using the CGI-Severity (CGI-S) scale, which rates symptoms from 1 (not ill) to 7 (extremely ill) [15] . The CGI-S was administered at baseline, week 5, and week 8/early termination (ET) in the flexible-dose study and at baseline and week 6/ET in the forced-dose study. Improvement in ADHD severity was assessed using the CGI-I, which rates change from baseline on a 7-point scale ranging from 1 (very much improved) to 7 (very much worse). The CGI-I (key secondary endpoint) was administered at all post-baseline visits.
Safety and Tolerability Endpoints
Adverse events were assessed at each visit and categorized by severity, relatedness to treatment, and seriousness. Vital sign assessments included systolic blood pressure (SBP), diastolic blood pressure (DBP), pulse, and weight. Blood pressure and pulse were assessed after the participant had been seated for C 5 min. ECGs were performed after 5 min of rest. The Columbia-Suicide Severity Rating Scale (C-SSRS), a semistructured interview that assesses suiciderelated thoughts and behaviors [16] , was administered at screening and all post-screening visits.
Statistical Analyses
Statistical analysis of the primary and key secondary efficacy endpoints was conducted in the full analysis set (FAS: all participants taking at least one study drug dose and having at least one post-baseline primary efficacy assessment). Sample size estimates were based on the primary efficacy endpoint. To detect an ES of C 0.35 between lisdexamfetamine and OROS-MPH (90% power at a twosided significance level of 0.05 using a two-sample t test), a total of 456 participants (placebo 92; lisdexamfetamine 182; OROS-MPH 182) for the flexible-dose study and 542 participants (placebo 108; lisdexamfetamine 217; OROS-MPH 217) for the forced-dose study were planned for randomization after accounting for estimated discontinuation rates of 5 and 20%, respectively.
Change in ADHD-RS-IV total score from baseline to EOS was assessed using a linear mixed-effects model for repeated measures, without imputation for missing data. Treatment, visit, and the treatment 9 visit interaction were included as factors; baseline score was a covariate; the interaction of baseline score with visit was included in the model. The primary contrast was the comparison of ADHD-RS-IV total score in the lisdexamfetamine versus OROS-MPH groups at EOS [null hypothesis (H o ): there is no difference between the effects of lisdexamfetamine and OROS-MPH on ADHD-RS-IV total score change from baseline]. For CGI-I analyses, scores were dichotomized as improved [very much improved (CGI-I = 1) or much improved (CGI-I = 2)] or not improved (minimally improved through very much worse; CGI-I = 3-7). The percentage of participants considered improved on the dichotomized CGI-I was assessed using a Cochran-Mantel-Haenszel test stratified by baseline CGI-S; missing data were imputed using last observation carried forward.
A fixed-sequence test procedure was applied to the primary and key secondary endpoints for the lisdexamfetamine versus OROS-MPH comparisons. If the H o for the primary efficacy endpoint was not rejected at the 0.05 significance level, the p-value from the key secondary efficacy analysis result could not be considered statistically significant. Because of this testing hierarchy, only nominal unadjusted p values are reported for assessments of active treatment versus placebo (active treatment-placebo); these values are intended for descriptive purposes only.
Safety and tolerability endpoints were assessed in the safety analysis set (all participants taking at least one study drug dose) and summarized descriptively. Conservative threshold criteria for vital sign outlier analyses, determined based on prior lisdexamfetamine studies and recommendations of professional organizations, were used to capture trends of potential clinical importance. CDC growth charts were used to determine z scores for weight and BMI changes.
Results
Disposition and Demographics
Participant disposition is summarized in Fig. 1 . The safety analysis set and FAS, respectively, included 459 (placebo 91; lisdexamfetamine 184; OROS-MPH 184) and 452 (placebo 89; lisdexamfetamine 179; OROS-MPH 184) participants in the flexible-dose study and 547 (placebo 110; lisdexamfetamine 218; OROS-MPH 219) and 532 (placebo 106; lisdexamfetamine 210; OROS-MPH 216) participants in the forced-dose study. The most frequent reasons for discontinuation were lack of efficacy for placebo (both studies), AEs for lisdexamfetamine (both studies), ''other'' reasons for OROS-MPH (flexible-dose study), and AEs for OROS-MPH (forced-dose study).
Baseline demographics were generally comparable across treatment groups in each study (Table 1) . However, the percentage of participants with predominantly inattentive ADHD was numerically higher in the flexible-dose study than in the forced-dose study for placebo and lisdexamfetamine compared with OROS-MPH. Most participants had a history of prior ADHD medication use (Table S1 in the ESM).
Drug Exposure and Treatment Compliance
In the flexible-dose study, the mean ± standard deviation (SD) daily dose during double-blind treatment was lisdexamfetamine 50. 15 
Efficacy
ADHD-RS-IV Total Score
ADHD-RS-IV total scores across treatments decreased during each study (Table 2 ; Fig. 2 ). Least squares (LS) mean ± standard error of the mean (SEM) treatment differences for ADHD-RS-IV total score change from baseline at EOS statistically favored lisdexamfetamine in the forced-dose study (p = 0.0013; ES -0.33) but not in the flexible-dose study (p = 0.0717; ES -0.20). The LS mean ± SEM treatment differences for change from baseline ADHD-RS-IV total scores at EOS for lisdexamfetamine and OROS-MPH were nominally greater than placebo in the flexible-dose study (lisdexamfetamine: ES -1.16; OROS-MPH: ES -0.97; both nominal p \ 0.0001) and in the forced-dose study (lisdexamfetamine: ES -0.82; OROS-MPH: ES -0.50; both nominal p \ 0.0001).
Dichotomized CGI-I Scores
Improvement on the dichotomized CGI-I at EOS was significantly greater with lisdexamfetamine than with OROS-MPH in the forced-dose study (p = 0.0188) but not in the flexible-dose study (p = 0.6165; Table 2 ). In both studies, improvement on the dichotomized CGI-I at EOS with lisdexamfetamine and OROS-MPH was nominally greater than with placebo (all nominal p \ 0.001).
ADHD-RS-IV Subscale Scores
In both studies, ADHD-RS-IV hyperactivity/impulsivity and inattentive subscale scores were decreased relative to baseline for all treatments at EOS. LS mean ± SEM treatment differences for change from baseline on the ADHD-RS-IV subscales nominally favored lisdexamfetamine in the forced-dose study (hyperactivity/impulsivity: p = 0.0081, ES -0.27; inattentiveness: p = 0.0013, ES - Fig. 1 Participant disposition. Flexible flexible-dose study, forced forced-dose study, LDX lisdexamfetamine dimesylate, OROS-MPH osmotic controlled-release methylphenidate 0.33); there were no significant differences between active treatments in the flexible-dose study (Table 2) . In both studies, LS mean ± SEM treatment differences for change from baseline at EOS favored lisdexamfetamine and OROS-MPH over placebo on both subscales (all nominal p \ 0.001). Data are presented as mean ± standard deviation or n (%) unless otherwise stated ADHD attention-deficit/hyperactivity disorder, ADHD-RS-IV ADHD Rating Scale IV, BMI body mass index, CGI-S Clinical Global Impressions-Severity, LDX lisdexamfetamine dimesylate, OROS-MPH osmotic controlled-release methylphenidate, SD standard deviation a Based on full analysis set (flexible-dose study: placebo, n = 89; LDX, n = 179; OROS-MPH, n = 184; forced-dose study: placebo, n = 106; LDX, n = 210; OROS MPH, n = 216) b
No participants had CGI-S scores of ''normal, not at all ill'' or ''among the most extremely ill'' 
ADHD-RS-IV total score
Flexible-dose study ADHD-RS-IV ADHD rating scale IV, CGI-I Clinical Global Impression-Improvement, CI confidence interval, CMH Cochran-Mantel-Haenszel, DF degrees of freedom, EOS end of study, ES effect size, FAS full analysis set, LDX lisdexamfetamine dimesylate, LS least squares, OROS-MPH osmotic-release oral system methylphenidate, SEM standard error of the mean a Reported nominal p values are unadjusted because they are not part of the prespecified testing hierarchy; they are intended for descriptive purposes only 
Safety and Tolerability
Adverse Events
In both studies, treatment-emergent AEs (TEAEs) occurred more frequently with lisdexamfetamine and OROS-MPH than with placebo (Table 3) . Most TEAEs were rated as mild to moderate in intensity. Severe TEAEs in the flexible-dose and forced-dose studies, respectively, were reported in 2.2 and 0.9% of participants receiving placebo, 5.4 and 1.4% of those receiving lisdexamfetamine, and 3.8 and 2.7% of those receiving OROS-MPH. Serious TEAEs were reported in one participant receiving placebo (forceddose study: psychotic disorder), two participants receiving lisdexamfetamine [flexible-dose study: suicidal ideation (n = 1); forced-dose study: suicidal ideation (n = 1)], and two participants receiving OROS-MPH [flexible-dose study: renal cyst (n = 1); forced-dose study: appendicitis (n = 1)]. TEAEs leading to study discontinuation in two or more participants with any treatment were decreased appetite (n = 3), suicidal ideation (n = 2), and irritability (n = 2) with lisdexamfetamine in the flexible-dose study; suicidal ideation, dizziness, and palpitations (all n = 2) with lisdexamfetamine in the forced-dose study; and insomnia, irritability, headache, nausea, vomiting, and decreased appetite (all n = 2) with OROS-MPH in the forced-dose study. TEAEs occurring in C 5% of participants that were also reported at two or more times the rate of placebo were decreased appetite, decreased weight, insomnia, initial insomnia, dry mouth, and nasopharyngitis (lisdexamfetamine and OROS-MPH), irritability and dizziness (lisdexamfetamine only), and increased heart rate (OROS-MPH only) in the forced-dose study and decreased appetite, decreased weight, insomnia, and dizziness (lisdexamfetamine and OROS-MPH), and dry mouth and upper abdominal pain (lisdexamfetamine only) in the flexible-dose study (Table 3) . No deaths occurred in either study.
Vital Signs
At the last on-treatment assessment, mean SBP and DBP increased relative to baseline with lisdexamfetamine and OROS-MPH and decreased with placebo in both studies Table 4 Summary of vital signs, weight, and body mass index at last on-treatment assessment, safety analysis set Data are presented as mean ± standard deviation or n (%) unless otherwise indicated BMI body mass index, DBP diastolic blood pressure, LDX lisdexamfetamine dimesylate, OROS-MPH osmotic controlled-release methylphenidate, SBP systolic blood pressure a z scores derived from the Centers for Disease Control growth charts using the midpoint of each range in the charts for summarization purposes; values larger than the highest weight or BMI listed in the growth charts were assigned a z score of 2.25, and values smaller than the lowest weight or BMI listed were assigned a z score of -2.25 (Table 4) . Mean increases in pulse from baseline were greater with lisdexamfetamine and OROS-MPH than with placebo in both studies. Vital sign outlier analyses are summarized in Table 4 . At the last on-treatment assessment, mean decreases in weight and BMI were observed with lisdexamfetamine and OROS-MPH, and mean increases were observed with placebo (Table 4) . Median z scores were positive for all treatments, indicating that weight and BMI in [ 50% of participants exceeded the mean for the CDC age-and sexmatched population. Bodyweight outlier analyses are summarized in Table 4 .
Columbia-Suicide Severity Rating Scale
On the C-SSRS, no episodes of suicidal behavior were reported during double-blind treatment or follow-up in either study. Three participants reported nonsuicidal selfinjurious behavior (flexible-dose study: OROS-MPH, n = 1 each at weeks 1 and 4; forced-dose study: lisdexamfetamine, n = 1 at week 5), and three participants reported active suicidal ideation with any method (flexible-dose study: lisdexamfetamine, n = 1 at week 2; forced-dose study: placebo, n = 1 at week 5; lisdexamfetamine, n = 1 at week 3 that resulted in discontinuation) during doubleblind treatment. The relationship of these events to treatment was not assessed.
Discussion
This report describes two large, randomized, double-blind, placebo-controlled studies that directly compared the efficacy, safety, and tolerability of lisdexamfetamine and OROS-MPH in adolescents with ADHD. To our knowledge, these studies constitute the largest head-to-head comparison trials of amphetamine and methylphenidate conducted to date. As measured by ADHD-RS-IV total score and dichotomized CGI-I, lisdexamfetamine was statistically superior to OROS-MPH in the forced-dose study but not the flexible-dose study, though there was a numerically larger ES for lisdexamfetamine in that study as well. As previously reported in individual trials [17] [18] [19] , reviews [4] , and meta-analyses [6] [7] [8] , lisdexamfetamine and OROS-MPH both exhibited superior efficacy versus placebo, supporting the assay sensitivity of the studies and the use of amphetamine or methylphenidate classes for the treatment of ADHD.
The primary efficacy findings reported here partially support previous indirect comparisons of lisdexamfetamine and OROS-MPH [7, 10] in particular, and of the amphetamine and methylphenidate stimulant classes in general [11] , which have suggested that amphetamine-based stimulants (e.g., lisdexamfetamine) may have superior efficacy to methylphenidate-based stimulants (e.g., OROS-MPH) at the dosages used in these studies [7, 10, 11] . However, the ES for the differences between lisdexamfetamine and OROS-MPH (-0.33 and -0.20 for ADHD-RS-IV total score change from baseline in the forced-dose and flexible-dose studies, respectively) was lower than the estimated 0.35 for which the studies were powered. This ES, which would represent a large difference between two active medications, fell short of significance in the flexibledose study. This finding is perhaps not surprising because forced-dose titration is generally considered better able to detect differences between active medications than flexible-dose titration studies, which rely on subjective clinical judgment and do not necessarily offer optimal doses to all participants.
These results also partially (but not fully) confirm findings from a post hoc analysis comparing lisdexamfetamine and OROS-MPH in a 7-week, double-blind, flexible-dose study in children and adolescents with ADHD, which found that lisdexamfetamine was statistically superior to OROS-MPH in reducing ADHD-RS-IV total score (ES 0.54) and in producing global improvement on the CGI-I [12] . However, as indicated earlier, the latter study was conducted in Europe and used a maximum OROS-MPH dose of 54 mg/day; it also enrolled children and adolescents rather than adolescents only. The different findings seen between the prior European study and the current studies could be partially accounted for by the lower OROS-MPH dose used in the European study, the focus on adolescents in the current studies, and/or other issues related to study design and implementation.
The safety and tolerability profiles of lisdexamfetamine and OROS-MPH were consistent with findings from published placebo-controlled studies in children and/or adolescents with ADHD [17] [18] [19] . In the flexible-dose study, the overall frequency of TEAEs was comparable between active treatments, and the frequencies of severe TEAEs and TEAEs leading to discontinuation were numerically higher with lisdexamfetamine than with OROS-MPH (note that the AE data in the two studies are based solely on descriptive statistics and there was no significance testing). In the forced-dose study, frequencies of any TEAEs and TEAEs leading to discontinuation were numerically higher with lisdexamfetamine, but the frequency of severe TEAEs was numerically lower with lisdexamfetamine. Heart rate increases were numerically larger with OROS-MPH than with lisdexamfetamine and weight decreases were numerically larger with lisdexamfetamine than with OROS-MPH in both studies. Blood pressure changes for lisdexamfetamine versus OROS-MPH were less consistent across studies; increases from baseline in SBP and DBP were numerically greater with lisdexamfetamine in the flexible-dose study, and increases in SBP were numerically greater with OROS-MPH in the forced-dose study.
What is the clinical take-home message of these studies? The primary findings reported here (small but inconsistent ESs favoring lisdexamfetamine over OROS-MPH and slightly higher rates of TEAEs and TEAEs leading to discontinuation with lisdexamfetamine) are consistent with the conclusion that lisdexamfetamine may be somewhat more efficacious than OROS-MPH at clinically approved doses, though with perhaps slightly higher AE rates (which may either reflect characteristics of the compound or the relatively higher potency of approved doses). Taking a broader view, and considering the robust improvement over placebo and high degree of tolerability seen with both medications, one can conclude that both lisdexamfetamine and OROS-MPH are highly efficacious in treating adolescents with ADHD and are generally well tolerated. For clinicians in countries where amphetamine use has historically been less common, or where amphetamine formulations such as lisdexamfetamine are now first being approved, this is important because it demonstrates that either stimulant class can be used with confidence (as is the current US practice). It is also important for patients who do not exhibit a sufficient response to or who do not tolerate treatment with a given stimulant class (either amphetamine or methylphenidate), because switching such patients to the alternative stimulant class may produce a more robust and/or better tolerated clinical response. Because these studies were not designed as crossover studies, information on individual response to amphetamine versus methylphenidate cannot be inferred. However, taken together with findings from other studies reporting that a fairly large proportion of patients have a preferential response to amphetamine or methylphenidate [3] , with current US treatment guidelines from AACAP, and with the NICE guidelines, these results suggest that trying different stimulant classes to optimize response and tolerability is reasonable and important.
These findings should be considered in light of several limitations that could impact their generalizability. (1) It is not possible to draw inferences regarding the long-term effectiveness of lisdexamfetamine versus OROS-MPH on ADHD symptomatology or functional outcomes, or on differences in long-term safety and tolerability of either medication based on these 6-week and 8-week studies. (2) Both studies excluded individuals with comorbid Axis I and II psychiatric conditions (except oppositional defiant disorder). Because comorbid psychiatric conditions are often observed in adolescents with ADHD, the generalizability of these findings to the broader population is unclear. (3) These studies only examined the comparative efficacy of lisdexamfetamine and OROS-MPH, so the findings cannot be extrapolated to other amphetamine or methylphenidate formulations. (4) These studies only included individuals who were not satisfied with their current ADHD therapy and who had not previously failed an adequate course of treatment with amphetamine-based or methylphenidate-based agents. Therefore, the findings may overestimate the magnitude of response and/or tolerability of either or both treatments. (5) Lisdexamfetamine was not available in some countries when the forced-dose study was conducted. As such, it is theoretically possible that selection bias could have resulted in the preferential enrollment of a population that did not respond optimally to methylphenidate. (6) The recommended upper dose limit of OROS-MPH is 90 mg/day in adolescents in the Canadian ADHD practice guidelines [20] , and it is theoretically possible that the use of higher OROS-MPH doses in these studies may have resulted in a larger treatment response (though it is also possible that this might have also resulted in higher rates of AEs). However, this approach would involve dosing above the FDA-recommended maximum in the USA (72 mg/day) and the maximum European approved dose (54 mg/day). The doses of the two medications used in these trials were based on FDA guidelines, and we can only comment here on the doses studied. (7) Comparisons of the safety and tolerability findings between lisdexamfetamine and OROS-MPH should be considered with caution because the studies were not powered for statistical comparison of these endpoints, and the reported data are descriptive.
Conclusions
Lisdexamfetamine was statistically superior to OROS-MPH in adolescents with ADHD in a forced-dose design study (lisdexamfetamine 70 mg/day; OROS-MPH 72 mg/day), as measured by ADHD-RS-IV total score and dichotomized CGI-I score, but not in a flexible-dose design study. Confirming assay sensitivity, both lisdexamfetamine and OROS-MPH were statistically superior to placebo in reducing ADHD symptoms and improving overall ADHD severity in both studies. The safety and tolerability of lisdexamfetamine and OROS-MPH were generally consistent with previous reports. Findings from these acute treatment studies underscore the robust efficacy of lisdexamfetamine and OROS-MPH in particular, and of the amphetamine and methylphenidate stimulant classes in general, in adolescents with ADHD, and support professional guidelines that advise that both classes can be used as first-line treatments in this population.
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